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SKCTION  1 


INTRODUCTION 

Except  for  a  few  early  instances,  military  tactical  lasers  have  used 
doped  Y^Al^O^^  (Nd:YAG)  as  the  laser  material.  With  an  output 
wavelength  of  1.064  and  an  optimum  slope  efficiency  near  3.0%,  the 
performance  of  this  solid  state  material  is  well  known  (1),  while  the  use 
of  other  materials  is  currently  being  evaluated  (2,3,4).  To  provide  an 
advantage  over  Nd:YAG,  issues  such  as  efficiency,  beam  quality, 
reliability,  and  availability  must  be  considered. 

A  study  of  a  possible  alternative  to  Nd:YAG  was  undertaken.  Nd^^ 

r* 

doped  La^Be^Or  (NdrBEL)  was  the  material  that  was  chosen.  The  research 
concentrated  on  relative  performance  parameters.  What  we  hoped  to  identify 
were  any  glaring  weaknesses  of  a  material  which  would  preclude  Its  military 
use,  or  an>  significant  strengths  which  would  encourage  its  exploitation. 

To  compleF’cnt  the  data  obtained,  a  brief  discussion  of  spectroscopy,  lasing 

I  ^ 

levels,  and  other  physical  properties  Is  included  in  Section 

Initially  the  comparison  studies  were  to  be  made  by  using  a  PAVE  KAIL 
laser  transmitter  as  the  evaluation  standard.  Data  was  taken  with  KdrYAO 
and  Kd;]iEL  alternately  housed  in  the  laser  cavity.  Unfortunately  the 
transmitter  failed  to  work  consistently  in  the  laboratory  and  repair 
facilities  were  not  readily  available.  Therefore  another  method  had  to  be 
identified.  The  test  set  up  that  was  used  is  described  in  Section  HI. 

This  method  did  not  provide  a  baseline  comparison  using  a  military  system, 
bijt  jt  did  allow  for  expanded  measurements  such  as  varied  repetition  rates 
and  electro-optic  Q-swltchlng. 
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SECTION  TI 


BACKGROUND 


1 .  Nd:YAG  PROPERTIES 

Nd:YAG  has  been  used  extensively  for  commercial  and  military 
applications.  Its  low  lasing  threshold,  high  damage  threshold,  and  high 
stimulated  emission  cross  section  have  made  it  the  material  to  which  new 
crystals  are  compared. 

Y^Al^Oj^.j  (YAG)  is  a  cubic  crystal  with  high  thermal  conductivity  as 
4  4  3+ 

shovni  in  Table  1.  The  ^11/2  strongest 

-19  2 

with  a  stimulated  emission  cross  section  of  4.6  x  10  cm  and  a 
tiuorescence  lifetime  of  230  ps  [5].  The  nominal  output  wavelength  is 
i.064  pm. 

The  Nd:YAG  rods  used  in  this  research  were  doped  at  1.0  -  1.1  at.  % 

Nd.  The  fluorescence  spectrum  of  a  Nd.'YAG  rod  is  shown  in  Figure  1.  The 
data  was  taken  with  a  1.26  m  Spex  spectrometer. 

2 .  Nd:Bl':L  PROPERTIES 

The  fluorescence  spectrum  of  Nd:BEL  in  the  1.0  pm  region  is  also  shown 

in  Figure  1.  The  first  lasing  action  of  Nd:BEL  was  obtained  by  Morris  et 

al  [6]  in  1975.  Subsequent  work  [7]  yielded  much  data  on  its  basic 

properties  and  provided  the  baseline  for  further  investigations. 

La^Be,,0^  is  a  m.onoclinlc  crystal  with  low  site  S3rmmetry.  Consequently 

all  Nd^  transitions  are  possible,  but  they  are  polarization  dependent. 

Two  of  the  stronger  transitions  are  at  1.070  and  1.079  pm.  The  1.070  pm 

transit I(jn  has  its  greatest  stimulated  emission  cross  section  along  the  x 

- 19  2 

\lbrattf)n  axis  at  2.1  x  10  cm  ,  and  the  value  for  the  1.079  pm 

-19 

transition  is  greatest  along  the  y  axis  at  1.5  x  10  cm  [7].  Judging  by 
this  information  it  stands  to  reason  that  the  output  of  a  Nd:BEL  rod  will 
depend  on  how  it  is  cut  and  its  orientation  in  the  optical  cavity. 
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As  can  be  seen  In  the  absorption  spectra  taken  with  a  Cary  14 
spectrophotometer  in  Figures  2  and  3,  NdrBEL  has  much  broader  absorption 
lines  than  Nd:YAG,  but  a  similar  peak  absorption  cross  section.  This 
theoretically  allows  for  more  efficient  pumping.  The  fluorescence  lifetime 


of  the  ^3/2  Nd:YAG  value. 

Various  physical  properties  are  listed  in  Table  1.  A  past 
disadvantage  of  BEL  has  been  poor  performance  related  to  thermal  lensing 
and  birefringence.  In  order  to  alleviate  the  variance  in  resonator  length 
due  to  rod  temperature,  research  is  being  conducted  on  the  use  of  an 
athermal  cut  of  Nd:BEL  [2j.  The  rod  used  in  this  research  was  an  x-axls 
cut  rod  (E  parallel  to  y  polarization). 


SECTION  III 


EXPERIMENTAL  PROCEDURE 


1.  LABORATORY  SET  UP 


a.  Resonator  Cavity 

The  unique  size  of  the  laser  rods  provided  by  the  Pave  Nall 
transtn j tters  (6.35  x  66.67  mm)  required  the  fabrication  of  a  non-standard 
rod  and  flashlamp  housing.  To  accomplish  this,  Klgre  Inc.,  altered  an 
FC-20K  cavity  to  hold  a  53.97  mm  arc  length  ILC  flashlamp  (Model  5782)  and 
the  host  materiaJ .  Cooling  was  maintained  at  22°  C  by  a  Neslab  RTE-4 
circulating  cooler  filled  with  deionized  water. 

Figure  4  details  a  schematic  of  the  set  up  used  and  Table  II  lists  the 
equipment.  The  basic  resonator  consisted  of  a  3  m  radius  of  curvature  HR 
mirror  and  a  flat  50%  outcoupllng  mirror.  These  were  approximately  64  cm 
apart ,  with  the  laser  cavity  in  the  middle.  For  YAG  0-swltched  operation 
and  long  pulse  1.08  yir  lasing  of  BEL,  a  polarizer  was  placed  between  the 
rod  and  HR  mirror.  For  BEL  Q-switched  operation,  an  Inrad  Model  202 
Q-switch  was  inserted  between  the  HR  mirror  and  laser  cavity,  for  YAG  It 
was  put  between  the  polarizer  and  the  HR  mirror.  All  resonator  components 
were  mounted  on  a  Gaertner  optical  bench.  Optical  alignment  was 


accomplished  by  using  a  HeNe  laser. 

b.  Pulse  Forming  Network 

Pulsing  of  the  laser  was  controlled  by  a  PAL  Kit  Co.  pulse  generator 
which  controlled  a  Candela  Corp.  FD-100  flashlamp  driver  and  HVD  250-A 
power  supply.  The  system  could  be  operated  on  manual  trigger  or  at 
repetition  rates  of  1  or  10  Hz.  Flashlamp  pulse  widths  were  nominally  200 
us  at  FWHM.  Q-switch  operation  was  driven  by  an  INRAD  2-016  Q-swltch  driver. 

c.  Measurement  Equipment 

Ail  energy  measurements  were  accomplished  by  using  a  Laser  Precision 


RJI’  735  probe  and  Rj  7200  ratiometer  in  combination  vlth  neutral  density 


filters.  Wavelength  measurements  wert?  obtained  by  using  a  .5  n;  Jarre!  i-Asli 
monochrometer.  Pulse  shape  data  was  gathered  by  using  either  a  Lite  Mike 
detector  or  a  Si  photodiode  with  one  of  two  Tektronix  oscilloscopes.  One 
of  the  oscilloscopes  was  digital  and  its  output  could  be  transferred  to  a 
Moseley  X-Y  recorder. 

2.  MEASUREMENT  METHODS 

Comparison  investigations  consisted  of  four  basic  measurements;  I) 
Energy  Input  vs.  Energy  Output  vs.  ,  2)  beam  divergence,  3)  pulse 

to  pulse  stability  and  4)  pulse  width.  These  were  obtained  for  long  pulse 
and  Q-switched  operation  at  1  Hz  and  10  Hz,  and  at  varying  input  energies. 


a.  E.  vs.  F. 

in  out 


For  energy  measurements  it  was  necessary  to  attenuate  the  output  beam 


to  avoid  damage  to  the  detector.  To  accomplish  this  a  combination  of 


neutral  density  filters  was  used.  Nominally  rated  at  optical  densities  of 


.5  and  1.0  for  532  nanometer  output,  their  OD  values  for  a  1.06  -  1.08  pm 


output  had  to  be  calculated.  This  was  done  by  taking  energy  measurements 


for  varying  combinations  of  filters  and  using  the  following  relationship: 


Let  E^  =  Energy  detected  using  one  .5  OD  filter 


Ey  =  Energy  detected  using  two  .5  OD  filters 


Tlierefore  E  =  10  •  L^  where  a  =  optical  density  of  .5  OD  filter  at  1  pm 


Let  E^  =  Energy  detected  using  1.0  and  .5  OD  filter  combination 


Therefore  E^  =  10  •  where  6  =  optical  density  of  1.0  OD  filter  at  1  pm 


Data  gathered  over  a  wide  range  of  output  energies  yielded: 


u  =  .69  ±  .02  (for  both  .5  OD  filters) 


P  »  .72  ±  .02 


To  verify  that  the  optical  densities  were  so  similar  in  value,  their 


transmlsson  spectra  were  measured  on  a  Cary  14  spectrophotometer.  The 


optical  densities  were  Indeed  similar,  with  the  attenuation  of  1,0  OD 


filter  being  only  slightly  higher  than  the  .5  OD  filter.  It  was  then 

possible  to  establish  the  following  conversion  factors  for  readings 

obtained  while  using  different  filter  combinations: 

two  .5  OD  filters:  24.0  x  detector  reading 

1.0  and  .5  OD  filter  combination:  25.7  x  detector  reading 

one  1.0  OD  and  two  .5  OD  filters  combination:  125.9  x  detector  reading 

For  the  purpose  of  consistency  and  ease  of  presentation  all  E.  vs.  E 

in  out 

results  shown  in  this  report  were  obtained  using  the  two  .5  filter 
combination  unless  indicated  otherwise, 
b.  Beam  divergence 

The  method  used  to  obtain  beam  divergence  does  not  yield  an  absolute 
divergence  value.  Accurate  measurement  of  beam  divergence  requires  careful 
measurement  and  control  of  beam  profile.  Typically,  it  is  necessary  to 
produce  a  far  field  beam  pattern  and  the  corresponding  data  is  based  on  the 
assumption  of  a  Gaussian  beam  (TEM^q) .  Since  there  was  only  an  Interest  in 
comparative  performance  and  since  the  beam  profile  was  multimode  and  not 
Gaussian,  a  very  simple  method  was  used. 

Zap-it  paper  was  placed  at  varying  distances  from  the  output  mirror. 

An  impression  of  the  beam  shape  was  created  as  shown  in  Figure  5.  The 
diameter  of  the  spot  was  then  measured  and  plotted  as  a  function  of 
distance  for  a  given  input  energy,  repetition  rate,  and  pulse  mode.  For 
the  cases  where  an  elliptical  image  was  produced,  a  major  (Y)  and  minor  (X) 
axis  were  defined  and  one  plot  was  made  for  each  axis.  By  performing  a 
linear  regression  on  these  plots,  "divergence"  values  were  obtained.  A 
performance  analysis  of  the  two  different  hosts  is  made  possible  by 
comparing  these  values  at  different  input  energies,  and  operational  modes, 
r.  Pulse  to  pulse  stability 


Pulse  to  pulse  stability  measurements  were  obtained  by  reflecting  the 
output  beam  off  of  a  Lambertian  surface  then  detecting  it  with  a  Lite  Mike 
detector.  The  detector  output  was  recorded  on  a  digital  oscilloscope  which 
was  read  out  to  an  X-Y  recorder.  To  prevent  detector  saturation  the  beam 
was  attenuated. 

At  1  Hz  operation  the  tenth  laser  pulse  produced  was  stored  on  the 
oscilloscope  and  read  out  to  the  recorder.  This  procedure  was  repeated 
five  times  for  a  given  input  energy.  At  10  Hz  operation  a  sample  pulse  was 
stored  after  approximately  ten  seconds  of  operation.  This  was  also  done 
five  times  for  a  given  input  energy. 

For  long  pulse  output  the  X-Y  recorder  plotted  a  curve  as  is  shown  in 
Figure  6a.  The  area  under  the  curve  represents  the  energy  detected,  and 
for  different  pulses  this  value  will  vary.  To  measure  this  variance,  or 
pulse  to  pulse  stability,  each  curve  was  cut  away  with  scissors,  then 
weighed  to  the  nearest  .1  milligram.  For  each  input  energy,  the  Integrated 
curves  were  calibrated  to  a  previously  measured  average  output  energy. 
Finally,  a  graph  was  made  of  energy  deviation  from  the  average  for  each 
pulse  sample. 

For  Q-swltched  operation  the  X-Y  recorder  plot  was  quite  narrow  (see 
Figure  6b)  and  the  peaks  were  merely  calibrated  to  an  average  energy.  Once 
again,  a  plot  was  produced  of  energy  variance  for  each  sample, 
d.  Pulse  width 

Pulse  width  measurements  were  obtained  by  using  a  Lambertian  reflector 
and  a  Si  photodiode.  The  output  was  then  stored  and  photographed. 

Response  time  limitations  of  the  detection  system  did  net  allow  for 
accurate  measurements  of  pulse  widths  below  25-35  ns. 
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SECTION  TV 


COMPARISON  RESULTS 


1.  ENERGY  INPUT  VS.  ENERGY  OUTPUT 


a.  Long  Pulse  at  1  Hz 


Energy  readings  were  obtained  by  averaging  ten  pulses  and  repeating 
this  procedure  five  times.  The  final  value  was  then  calculated  by 
averaging  these  five  data  points. 

Results  of  long  pulse  Nd:YAG  E^^  vs.  for  1  Hz  operation  are  shown 

in  Figure  7.  The  slope  efficiency  of  Run  I  is  5.2%.  This  seemed  quite 
high  for  this  material,  so  to  verify  the  results  the  measurements  were 
repeated  with  a  different  rod  and  are  graphed  as  Run  II.  The  slope 
efficiency  of  this  plot  Is  4.8%,  which  is  consistent  with  Run  I. 

NdrBEL  energy  efficiency  is  plotted  with  the  Run  I  YAG  data  in  Figure  8. 
The  output  of  the  BEL  was  polarized  and  was  at  a  wavelength  of  1079  nm. 

(s  1.08  um) .  The  measured  slope  efficiency  was  3.4%.  As  can  be  seen  from 
the  graph,  the  YAG  demonstrated  a  lower  threshold  and  a  higher  slope 
efficiency.  Saturation  was  not  observed  for  either  rod  at  these  pumping 
levels . 

An  attempt  was  also  made  at  lasing  the  BEL  material  at  the  1.07  pm 
line.  A  Calcite  polarizer  was  Inserted  in  the  cavity  and  the  components 
aligned  to  produce  1.08  pm  and  1.07  pm  radiation.  Results  are  shown  in 
Figures  9  and  10.  As  is  to  be  expected  from  the  way  the  rod  was  cut,  the 
1.08  pm  output  was  substantially  higher  than  the  1.07  pm  output.  Slope 
efficiencies  were  1.6%  and  .10%  respectively.  The  decrease  in  efficiency 
for  the  1.08  pm  output  can  be  attributed  to  losses  induced  by  the  polarizer, 
b.  Long  Pulse  at  10  Hz 

Performance  comparison  of  the  two  materials  for  long  pulse  lasing  at 
10  Hz  Is  shown  in  Figure  11.  The  YAG  rod  again  demonstrated  a  lower  lasing 


threshold,  but  unlike  the  1  Hz  data,  BEL  exhibited  a  slightly  higher  slope 
efiiciency  than  YAG,  5.1%  vs.  4.8%.  This  was  not  due  to  a  decrease  in  YAG 
performance,  but  rather  to  a  67%  increase  in  the  BEL  performance.  The 
possible  cause  for  this  is  presented  in  Section  V, 

The  YAG  output  showed  some  saturation  as  can  be  seen  in  the  slight 
rollover  on  the  graph.  The  BEL  output  remained  linear.  Increased  pumping 
was  not  possible  because  the  power  supply  could  not  provide  more  energy  at 
10  Hz. 

c.  1  Hz  Q-swltchlng 

Nd:BEL  showed  better  performance  vs.  YAG  for  1  Hz  Q-swltchlng  as  Is 
shown  in  Figure  12.  The  lasing  thresholds  were  similar,  however  BEL  slope 
efficiency  was  at  1.3%  and  Nd:YAG  was  at  .9%.  The  efficiency  calculation 
for  the  YAG  rod  was  based  on  output  before  the  rollover  as  saturation  Is 
clearly  observed.  BEL  showed  only  minimal  saturation. 

The  BEL  data  was  taken  with  a  three  neutral  density  filter  scheme  to 
avoid  damage  to  the  energy  detector,  and  because  its  output  was  naturally 
polarized,  a  polarizer  was  not  needed  in  the  resonator  cavity.  This  was 
not  the  case  for  YAG.  To  estimate  the  loss  Introduced  by  the  thin  film 
polarizer  Nd:BEL  was  operated  with  the  polarizer  in  the  cavity  and  the  plot 
is  also  shown  in  Figure  12.  The  slope  efficiency  was  1.02%,  so  it  had 
little  impact  on  that  parameter,  but  a  decrease  in  wallplug  efficiency  is 
easily  seen  on  the  graph.  This  was  obviously  due  to  a  fixed  insertion  loss 
introduced  by  the  polarizer. 

d.  lU  Hz  Q-swltching 

Figure  13  shows  the  comparison  for  10  Hz  Q-swltched  operation.  Aside 
from  a  decrease  in  wallplug  efficiency  for  both  rods,  the  results  were 
similar  to  the  I  Hz  lasing.  Slope  efficiencies  were  1.1%  for  BEL  and  .9% 
for  YAG.  Saturation  was  seen  in  the  YAG  but  not  in  the  BEL. 


It  should  be  mentioned  that  both  materials  sustained  damage  to  their 
anti  reflective  coatings  after  prolonged  operation  at  10  Hz  with 
Q-switchlng.  No  significant  difference  in  the  level  of  damage  was 
apparent . 

2.  BEAM  DIVERGENCE 

a.  Long  Pulse  at  1  Hz 

Using  the  method  described  in  Section  III,  divergence  data  was 
collected  and  the  resulting  graph  is  shown  in  Figure  lA.  The  Images  for 
Nd:YAG  were  circular  throughout  the  Input  energy  range  and  the  divergence 
values  were  a  nearly  constant  2.5  mrad.  The  BEL  Images  were  always 
elliptical,  with  the  X  axis  divergence  being  very  nearly  Identical  to  the 
YAG  divergence  and  the  Y  axis  divergence  showing  higher  values  at  higher 
Input  energies.  10  Hz  long  pulse  divergence  data  was  not  obtained. 

b.  I  Hz  Q-switching 

Graphed  in  Figures  15  and  16  are  the  divergence  results  for  1  Hz 
Q-switchlng.  Again  the  YAG  material  showed  less  elliptical  output.  The  X 
axis  divergence  did  not  reveal  a  consistent  pattern.  There  was  a  decrease, 
then  an  increase  in  divergence  values  after  several  equal  values  at  lower 
pumping  energies.  The  Nd:BEL  material  maintained  an  elliptical  output. 

The  X  axis  divergence  showed  a  steady,  but  not  drastic,  increase  with 
increasing  input  energy.  The  Y  axis  divergence  demonstrated  inconsistent 
behavior.  Like  the  YAG,  its  initial  values  were  fairly  equal,  but  beyond 
18  J  it  increased,  then  decreased. 

For  both  rods  the  divergence  of  Q-switched  pulses  was  less  than  the 
long  pulse  results  at  similar  Input  energies.  Both  materials  also 
demonstrated  a  decrease  and  then  an  Increase  In  divergence  after  fairly 
constant  values  at  lower  pumping  energies,  with  the  YAG  results  being  more 
dramatic.  Section  V  puts  forth  possible  explanations  for  this  behavior. 


c.  Q-switched  at  10  Hz 

At  10  Hz  Q-switching  both  materials  had  elliptical  outputs  throughout 
Figures  17  and  18  show  that  the  YAG  had  greater  divergence  than  the  BEL, 

Y  axis  results  show  the  value  for  YAG  steadily  increasing  to  4.3  mrad 
then  sharply  decreasing  to  3.3  mrad.  This  is  comparable  to  BEL's 
performance  but  more  exaggerated,  as  the  BEL  leveled  off  somewhat  at  2.5 
mrad  before  decreasing. 

The  X  axis  plot  shows  similar  behavior.  The  divergence  values  were 
lower,  but  YAG  again  had  a  definite  increase  followed  by  a  decrease,  and 
the  BEL  leveled  off  before  decreasing  at  its  highest  Input  energy. 

3.  PULSE  TO  PULSE  STABILITY 

Figures  19  through  24  show  the  results  for  pulse  to  pulse  stability. 

As  can  be  seen,  no  drastic  variations  were  observed  for  any  of  the 
measurements.  Figure  25  shows  the  variations  in  output  energy  maximum  to 
minimum,  and  again  no  major  deviations  are  observed.  The  long  pulse 
results  do  show  some  variation,  but  it  must  be  remembered  that  the  method 
used  involved  some  error  (paper  cutting) . 

It  was  necessary  to  obtain  a  pulse  shape  versus  simple  energy  readings 
to  determine  if  any  spurious  spikes  were  present  in  a  laser's  output.  This 
type  of  behavior  was  only  observed  with  1  Hz  Q-switchlng  of  Nd:BEL  at 
17  J  pumping.  Figure  6c  shows  a  pulse  sample  with  this  type  of  output.  It 
was  plotted  as  pulse  number  five  in  Figure  21,  and  it  does  not  show 
substantial  energy  variance  as  determined  from  its  peak. 

4.  PULSE  WIDTH 

a.  1  Hz  Q-swltchlng 

The  pulse  widths  for  BEL  and  YAG  at  two  different  energy  inputs  are 
shown  in  Figure  26.  A  FWHM  reading  for  YAG  yields  35  ns  at  10.8  J  input 
and  45  ns  at  13.8  J.  Because  of  the  equipment  response  time  limitations 


mentioned  In  Section  III,  the  actual  pulse  width  at  10.8  J  pumping  may  have 
betn  lower  than  35  ns.  The  pulse  width  for  12  J  Input  Is  probably  near 
45  ns.  Since  a  large  Increase  In  pulse  width  Is  not  likely  for  only  a  2.8  J 
Increase  in  pumping,  (In  fact  one  would  expect  a  decrease),  the  35  ns  pulse 
width  measurement  Is  probably  not  too  far  off. 

BEL  showed  much  wider  pulse  widths.  At  10.8  J  Input  the  pulse  width 
was  approximately  100  ns  and  at  13.8  J  Input  It  was  also  100  ns.  Because 
there  was  no  reason  to  believe  BEL  would  have  such  wide  pulse  widths, 
measurements  were  repeated  and  greater  care  was  taken  to  avoid  detector 
saturation.  The  result  for  an  input  energy  of  10.8  J  is  shown  In  Figure 
27.  A  FWHM  reading  yields  a  pulse  width  near  45  ns  which  Is  comparable  to 
the  YAG  result.  Thus  the  wider  BEL  Q-swltched  pulses  shown  in  Figure  21 
are  only  lnstrument.it  ion  artifacts, 
b.  10  Hz  Q-switching 

Both  materials  displayed  the  same  pulse  widths  at  10  Hz  as  they  did  at 
1  Hz  for  similar  input  energies.  Figure  28  shows  that  the  YAG  was  35  ns 
for  10.6  J  Input  and  45  ns  for  13.3  J.  The  BEL  pulse  width  remained  near 
100  ns  for  the  same  pump  energies.  Like  the  1  Hz  results  this  100  ns  pulse 
width  was  probably  instrumentation  broadened.  Since  10  Hz  operation  led 
to  coating  damage,  a  repeated  effort  to  measure  narrower  pulse  widths  for 
BEL  was  not  attempted. 
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SECTION  V 


DISCUSSION  AND  CONCLUSIONS 

Measurements  indicated  superior  Q-switched  efficiency  for  Nd:BEL,  but 
better  long  pulse  performance  in  Nd:YAG.  This  was  demonstrated  at  1  Hz  and 
at  10  Hz.  Higher  Q-switched  energy  output  was  available  with  NdrBEL 
probably  because  of  its  lower  gain.  This  lower  gain  makes  higher  energy 
storage  possible  due  to  decreased  parasitic  effects  such  as  amplified 
stimulated  emission.  If  the  higher  energy  can  be  swept  out  efficiently, 
(the  slightly  lower  lifetime  of  Nd:BEL  makes  this  more  difficult),  there  is 
increased  output. 

For  1  Hz  Q-switched  operation,  no  change  in  slope  efficiency  was 
observed  in  the  BET,  rod  up  through  an  output  energy  of  350  mJ,  Conversely, 
the  YAC  material  approached  an  asymptote  of  150  mJ  output  as  input  energy 
Increased,  At  10  Hz  operation  similar  behavior  was  observed.  The  BEL 
showed  no  nonlinearity  while  the  YAG  output  rolled  off  near  100  mJ .  The 
slope  efficiency  recorded  for  Nd:YAG  at  1  Hz  long  pulse  operation  was  a 
near  phenomenal  5.2%.  Its  advantage  over  the  3.4%  value  for  NdrBEL  can  bi 
attributed  to  its  greater  upper  laser  level  lifetime.  Also  surprising  was 
BEL's  67%  increase  in  efficiency  when  operated  at  10  Hz.  A  possible 
explanation  may  be  more  even  thermal  loading  at  the  increased  repetition 
rate . 

Ream  divergence  data  showed  that  the  X-axis  cut  NdrBEL  rod  performed 
comparably  to  the  NdrYAG  rod  In  the  area  of  thermal  lensing.  As  was  to  be 
expected,  the  BEL  output  was  more  elliptical  because  of  Its  birefrlngent 
nature.  However,  the  calculated  divergence  values  showed  BEL  to  be 
superior  at  10  Hz  Q-swltched  operation,  roughly  equal  at  1  Hz  Q-switched, 
and  superior  at  1  Hz  long  pulse.  The  oscillatory  nature  of  the  divergence 
displayed  by  both  materials  was  interesting.  Under  stable  resonator 


conditions,  one  would  expect  the  thermal  leasing  to  Increase  with 


increasing  input  energy.  Decrease  of  divergence  at  higher  input  energies 
may  mean  the  laser  cavity  was  passing  in  and  out  of  unstable  resonator 
conf igurations . 

The  Nd:YAG  and  NdrBEL  rods  showed  similar  pulse  to  pulse  stability. 
Casual  observation  of  the  energy  readings  during  the  vs  measure¬ 

ments  support  the  data  taken  with  the  X-Y  recorder.  Of  all  the 
measurements  obtained,  the  most  Improvement  could  be  made  in  the  pulse 
shape  area.  Accurate  temporal  shapes  were  not  obtainable  with  the 
equipment  available  and  would  have  been  very  useful. 

The  fact  that  BEL's  pulse  width  was  substantially  larger  than  YAG's 
and  that  YAG's  Increased  with  increased  pump  energy  was  not  to  be  expected. 
An  inaccurate  cut  of  the  BEL  rod  may  cause  polarization  alignment  problems 
for  Che  Q-switch  and  widen  the  pulse  width,  but  it  is  unlikely  that  it 
would  have  that  much  of  an  effect.  Increasing  pulse  widths  for  Increasing 
energy  may  be  partially  explained  by  saturation  of  the  detection  system, 
but  this  is  also  unlikely.  Therefore  the  measurement  was  repeated  for  BEL 
at  1  Hz  Q-swltching.  The  result  showed  a  pulse  width  that  was  comparable 
to  YAG, 

Nd.’BEL  has  potential  for  use  in  military  applications,  especially  Ir 
the  area  of  Q-switched  pulsed  output.  Its  natural  polarization  offers 
advantages  and  its  comparable  threshold  to  YAG  make  it  practical  from  an 
efficiency  standpoint.  Because  of  the  need  for  multifunction  optical 
source's,  an  evaluation  of  high  rep  rate  and  high  average  power  performance 
needs  to  be  conducted.  The  material  will  also  have  to  provide  low 
divergence  beam  shapes  for  high  power  applications. 
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Figure  1  -  Fluorescence  Spectra  of  Nd:BEL  and  Nd:YAG  rods 


Wavelength  (mi) 


Figure  2  -  Absorption  Spectrum  of  Nd:BEL  laser  rod 
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Fig.  6a  1  Hz  Inng  Pulse  Nd:YAG  at  24.5  J  Purtping 


1  r 

"nr 

l\ 

\'- 

'  i 

1 

1 

i 

'•■i  ' 

il: 

.  '  -—i- 

ji;-. 

-  j 

ix- 

:  ■  ■  I 

I  i..  4-  . 

'  I  I 

—  i  + — — 


Fig.  6b  1  Hz  Q-switched  Nd:BEL 
at  14  J  Punping 


Fig.  6c  1  Hz  Q-switched  Nd:BEIL 
at  17  J  Punping 


Figure  6  -  Pulse  to  Pulse  Stability  Recordings 
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Figure  13  -  E.  vs  E  .  for  Q-switched  Nd:YAG  and  Nd:BEL  at  10  Hz 
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Figure  15-1  Hz  Q-switched  X  axis  Beam  Divergence 


Q-switched  Divergence  at  1 
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Figure  16-1  Hz  Q-switched  Y  axis  Beam  Divergence 
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1  Hz  Long  Pulse  Pulse  to  Pulse  Stability 
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Figure  19  -  Pulse  to  Pulse  Stability  for  Long  Pulse  Nd:BEL  at  1  Hz 


1  Hz  Long  Pulse  Pulse  to  Pulse  Stability 


Figure  20  -  liaise  to  Pulse  Stability  for  Long  Pulse  Nd:YAG  at  1  Hz 
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Figure  21  -  Pulse  to  Pulse  Stability  for  Q-switched  Nd:BEL  at  1  Hz 
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Figure  22  -  Pulse  to  Pulse  Stability  for  Q-switched  Nd:YAG  at  1  Hz 
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TABLE  I 


•k 

PHYSICAL  PROPERTIES  OF  YAC  AND  BEL 


Lattice 

Density 

Melting 

Thermal 

Constant 

(g/cm  ) 

Point 

Conductivity 

(Angstroms) 

rc) 

(W/ cm-'C) 

a  =  7.536 

6.061 

1361 

0.047 

b  =  7.347 

c  =  7.439 

12.01 

4.55 

1970 

0.13 

Refractive 

Index 


1.9641  (n  ) 

1.997  (ic) 

2.0348  (n  ) 
c 


1.823 


Values  obtained  from  Handbook  of  Laser  Science  and  Technology,  Vol.  I 
M.  Weber,  editor,  CRC  Press,  Boca  Raton,  Fla.,  1982. 


TABLE  II 


Laboratory  Equipment 


Description 


Number 


ORIEL  High  Reflection  mirror  (3  m  radius  of  curvature) 

Inrad  Model  202-092  Q-switch 
Inrad  Model  2-016  Q-swltch  driver 
PAL  Kit  Co.  Model  BP2  Pulse  Generator 

Candela  FD  100  Flashlamp  Driver  and  HVD-250A  Power  Supply 
FC-20K  Kigre  cavity  specially  modified  for  1/4"  x  2  5/8"  rod 
Neslab  RTE-4  refrigerated  circulating  bath 
ORIEL  50%  transmission  mirror  (flat) 

Schott  optical  glass  filters 
Laser  Precision  RJP  735  probe 
Laser  Precision  Rj  7200  energy  ratiometer 
Tektronix  7633  oscilloscope 
7B53A  dual  time  base 
7A16A  amplifiers 
C-53  camera 

Moseley  Model  2D  X-Y  Recorder 

Tektronix  468  digital  storage  oscilloscope 

Lite  Mike  Model  560B  detector 

Si  photodiode  with  Hewlett  Packard  6217A  power  supply 
Kentek  Corp.  Zap-it  paper 
Jarrell  Ash  .5m  spectrometer 
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